Introduction. The objective of this study was to investigate the predictive value of intrapartum transperineal ultrasound in the identification of complicated operative (vacuum or forceps) deliveries in nulliparous women. Material and methods. Prospective observational study of nulliparous women with an indication for operative delivery who underwent intrapartum transperineal ultrasound before fetal extraction. Managing obstetricians were blinded to the ultrasound data. Intrapartum transperineal ultrasound was performed immediately before blade application, both at rest and concurrently with contractions and active pushing. Operative delivery was classified as complicated when one or more of the following situations occurred: three or more tractions; a third-/fourth-degree perineal tear; significant bleeding during the episiotomy repair; major tear or significant traumatic neonatal lesion. Results. A total of 143 nulliparous women were included in the study (82 vacuum-assisted deliveries and 61 forceps-assisted deliveries), with 20 fetuses in occiput posterior position. Forty-seven operative deliveries were classified as complicated deliveries (28 vacuum-assisted deliveries, 19 forceps-assisted deliveries). No differences in obstetric, intrapartum or neonatal characteristics were observed between the study groups, with the following exceptions: birthweight (3229 AE 482 uncomplicated deliveries vs. 3623 AE 406 complicated deliveries; p < 0.003) and number of vacuum tractions (1.4 uncomplicated deliveries, 4.5 complicated deliveries; p < 0.0005). The strongest predictors of a complicated delivery, using the area under the receiver-operating characteristics curve (AUC), were the angle of progression with active pushing (AoP2) (AUC 86.9%) and the progression distance with active pushing (PD2) (AUC 74.5%). The optimal cut-off value for predicting a difficult operative delivery was an AoP2 of 153.5°(sensitivity 95.2%; false-positive rate 5.9%) or PD2 of 58.5 mm (sensitivity 95.2%; false-positive rate 7.1%). Conclusions. The sonographic parameters AoP2 and PD2 can be used to predict cases of complicated operative deliveries in nulliparous women.
Introduction
If compared with spontaneous vaginal deliveries, operative deliveries are associated with an increased risk of major obstetric hemorrhage, prolonged hospitalization and admission of the newborn to an intensive or special care unit (1) (2) (3) (4) (5) (6) (7) . This higher morbidity is even greater in cases of difficult instrumentation and cesarean sections performed after failed attempts at operative vaginal deliveries (7) (8) (9) (10) (11) (12) .
According to the standard clinical practice guidelines, operative deliveries must only be performed if the fetal head is engaged and has reached at least +0 cm, with only experienced obstetricians performing mid-forceps deliveries (13, 14) . So far, the decision to attempt operative delivery, as well as the evaluation of its potential difficulty, has relied on digital vaginal exploration (13, 14) . However, it is well known that digital exploration is a subjective and unreliable tool for this purpose (15, 16) . In this context, intrapartum transperineal ultrasound (ITU) has been introduced in clinical practice to help predict the progression and finalization of the delivery (spontaneous vs. need for instrumentation to complete fetal extraction (17) (18) (19) (20) (21) (22) (23) (24) . Moreover, ITU is used to predict cases of complicated operative delivery and to identify cases with a high probability of requiring cesarean section due to failure of instrumentation. To date, few studies have evaluated the usefulness of ITU for this purpose, with only a few studies evaluating vacuum-assisted deliveries (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) and only one study focusing on forceps deliveries (33) . Consistent with these findings, we aimed to estimate the predictive value of ITU in complicated operative (vacuum and forceps) deliveries in our unit.
Material and methods
This was a prospective observational study of nulliparous women with singleton pregnancy at ≥37 weeks of gestation and cephalic presentation who required vacuum or forceps delivery. The study was performed between October 2015 and May 2016 in the maternity unit of Valme University Hospital, Seville, Spain.
The inclusion criterion was the indication for instrumental (vacuum or forceps) delivery at term of women with uncomplicated pregnancy. Indications for operative delivery were nonreassuring fetal heart rate, failure to progress in labor, or maternal exhaustion. Intrapartum ultrasound was not performed in cases of prolonged fetal bradycardia or late heart-rate decelerations with absent fetal heart-rate variability. Operative deliveries were performed by obstetricians with >4 years of experience in instrumental deliveries. All forceps deliveries were performed using Kielland's forceps, whereas for all vacuum-assisted deliveries the same model of rigid metal vacuum was used (Bird's cup no. 5). The fetal head station was assessed by transvaginal digital examination for low or outlet instrumental deliveries, as defined by the American College of Obstetricians and Gynecologists (ACOG) (13) . Subsequently, a transabdominal ultrasound was performed to monitor the fetal head position. The managing obstetricians were different from those performing the ITU and were blinded to the sonographic data registered. The ITU was performed exclusively by a group of five obstetricians (JS, CB, PF, AA, JG-M) who had demonstrated competency for this type of ultrasound examination using statistical processing methods (CUSUM) to evaluate the learning curve (34) .
Whenever a potentially eligible woman was identified at our maternity unit during the beginning of labor, she was invited to participate in the trial and was asked to provide an informed consent before being enrolled in the study. Once the woman had signed the informed consent, the ITU was performed as described below. When one of the listed indications for the operative delivery occurred, the managing obstetrician chose the instrument that was considered most appropriate for the clinical circumstance and his/her skill level (14) .
Ultrasound examination was performed using a Toshiba Famio 8 ultrasound system (Tokyo, Japan) with a 3.75-MHz convex probe (two-dimensional ultrasound method). The fetal head position was assessed transabdominally as described by Akmal et al. (35) . ITU was performed with the woman in the semi-recumbent position, with an empty bladder and ruptured membranes. The probe was placed between the labia, below the pubic symphysis.
The following intrapartum parameters were assessed by transperineal ultrasound (18, 19, 36, 37) (Figure 1 and see the Supporting Information, Videos S1 and S2): angle of progression (AoP), progression distance (PD), and head direction (HD) evaluated in the longitudinal translabial plane and midline angle (MLA) evaluated in the transverse translabial plane. Furthermore, AoP, PD, HD, and MLA were assessed at rest (AoP1, PD1, HD1, MLA1) and concurrently with contraction and active pushing (AoP2, PD2, HD2, MLA2). ITU measurements were obtained according to previously published methods. AoP is
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The sonographic parameters, angle of progression and progression distance, can be used to predict cases of complicated operative deliveries in nulliparous women. defined as the angle between a line through the midline of the pubic symphysis and another line from the anterior margin of the pubic symphysis to the leading edge of the bony part of the fetal head. PD is defined as the distance between the infrapubic line (the line through the inferior margin of the pubic symphysis perpendicular to the long axis of the symphysis) and a parallel line through the deepest bony part of the fetal head. HD is defined as the angle between a line perpendicular to the widest diameter of the fetal head and a line parallel to the line through the midline of the pubic symphysis. Depending on whether the angle created by the two lines is ≥30°, ≤0°, or between 0°and 30°, the HD is described as "up," "down," or "horizontal," respectively. MLA is defined as the angle between the anteroposterior axis of the pelvis and fetal brain midline.
The following demographic and obstetrical data were recorded: maternal age, gestational age at delivery, body mass index, obstetric history, duration of first and second stages of labor, indication for operative delivery, number of tractions performed, need for episiotomy, birthweight, and gender. Data on the following maternal and neonatal morbidity outcomes were also collected: maternal vaginal or anal sphincter tear (using Sultan's classification of perineal tears) (5) and postpartum hemorrhage, Apgar scores after 1 and 5 min, arterial cord blood pH at delivery, birth trauma (cephalohematoma, intracranial hemorrhage, clavicle fracture), and admission of the newborn to the neonatal unit (respiratory distress, neonatal jaundice, risk of neonatal sepsis).
An operative delivery was classified as complicated when one or more of the following situations occurred (33): three or more tractions were required to complete fetal extraction (38) , failed attempt at operative vaginal delivery, third-degree or higher perineal tear according to Sultan's classification (16) , significant bleeding during the episiotomy repair, major tear reported by the obstetrician and confirmed by a decrease in the hemoglobin level of ≥2.5 g/dL following the delivery (39), or a significant traumatic neonatal lesion.
Statistical analyses
Statistical analyses were performed using IBM SPSS statistics software version 22 (IBM, Armonk, NY). In order to detect a difference of 15°in the angle of progression with active pushing between study groups, we needed 42 cases in the uncomplicated operative delivery group and 21 cases in the complicated operative delivery group, with a 5% a and a 1 À Β power of 90% (common standard deviation of 16°obtained in the pilot study). We determined the mean and standard deviations for numeric variables, and the percentage for qualitative variables.
Comparisons of numeric variables between complicated and uncomplicated operative deliveries were performed using Student's t-test. Comparisons of the qualitative variables between study groups were performed using a chi-squared test. Individual predictive capabilities were evaluated using the receiver-operating characteristics curve and the area under the curve (AUC). The level of significance was established at 95% CI (p < 0.05).
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Results
During the study period, there were 278 operative vaginal deliveries (187 vacuum-assisted deliveries and 91 forcepsassisted deliveries). ITU was not performed in 135 women for the following reasons: prolonged fetal bradycardia or late heart-rate decelerations with absent fetal heart-rate variability or because the obstetrician present in the maternity unit had not yet demonstrated his or her competence with this technique. We have evaluated 143 cases of operative deliveries: 82 vacuum-assisted deliveries and 61 forceps-assisted deliveries. Ninety-six cases were classified as uncomplicated operative deliveries (54 vacuum-assisted deliveries and 42 forceps-assisted deliveries), and 47 were described as complicated operative deliveries (28 vacuum-assisted deliveries and 19 forceps-assisted deliveries). Out of the 47 cases of complicated deliveries, a third-degree perineal tear occurred in 10 women (21.27%) and a fourth-degree tear occurred in one woman (2.1%). In 11 women (23%), significant bleeding while repairing the episiotomy and tear was registered and subsequently confirmed by a decrease of ≥2.5 g/dL in the maternal hemoglobin level. Three or more tractions were performed in 25 women (53.19%).
There was no significant difference between the uncomplicated and complicated operative deliveries regarding maternal or neonatal demographic data, except for the birthweight (3229 AE 482 vs. 3623 AE 406; (Figure 2a) presented the greatest AUCs. For AoP2, PD2, and MLA2, the AUCs were 86.9%, 74.5%, and 55.7%, respectively (Figure 2b) . Table 3 displays the optimal cut-off values to predict a complicated operative delivery: an AoP of 153.5°or a PD of 58.5 mm with active pushing (sensitivity 95.2%, false-positive rate 5.9-7.1%).
Discussion
The main finding in our study was the fact that ITU parameters can be used to predict complicated operative (vacuum and forceps) deliveries in nulliparous women. We observed that the presence of an AoP of 141.5°asso-ciated with a PD of 50.5 mm at rest that increase to 153.5°and 58.5 mm respectively with maternal pushing, have an adequate power (sensitivity >95.2%, false-positive rate 5.9-6.4%) to predict an uncomplicated operative delivery.
Our study has several strengths. It is the first study including a large series of deliveries at high-risk of ending up in complicated operative deliveries (i.e. nulliparous women and occipito-posterior position) (40-42), including both instruments (vacuum and forceps), and being evaluated with ITU. Moreover, the population included in the study is representative of pregnant women who require instrumentation to complete fetal extraction, including the main indications for operative deliveries, such as non-reassuring fetal heart rate, failure to progress of labor, or maternal exhaustion. Regarding the method, operative deliveries were performed exclusively by senior obstetricians who had extensive experience in obstetric practice, and the ITU was performed by experienced sonographers with specific training in pelvic floor and ITU. Lastly, we identified an adequate cut-off value for the prediction of complicated operative deliveries. We consider a limitation of our work the fact that our study was underpowered to detect neonatal and maternal morbidity; so further studies should be designed for this purpose.
Due to the fact that vaginal exploration presents a high error rate (20-75%) for the identification of the level of the fetal presentation (ACOG fetal station) and its degree of engagement (15, 16, 35) ITU has been introduced in delivery rooms to help in predicting the progression and finalization of the delivery. Several studies have demonstrated the usefulness of ITU in the assessment of the degree of engagement of the fetal head as well as the progression of the second stage of labor. Kalache et al. (24) reported that an AoP ≥ 120°is associated with a high probability of vaginal delivery. Ghi et al. (19) associated a "head-up" direction accompanied by a rotation angle <45°with a spontaneous vaginal delivery in 95% of cases. Instrumental deliveries are associated with higher maternal and neonatal morbidity (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) especially when a cesarean section is required due to a failed attempt at instrumental delivery, occurring in 15.4% of vacuumassisted deliveries (28) . In this context, ITU has been introduced in clinical practice to help predict the difficulty and possible complications of instrumental deliveries. Regarding this, Henrich et al. (26) and Lau et al. (27) identified in a small case series a possible association between difficult vacuum-assisted deliveries and a horizontal or "head down" fetal HD and AoP < 150°.
In a previous prospective study performed including 61 nulliparous women, we observed that an AoP with pushing of 128°identified a difficult vacuum delivery (more than three tractions needed to complete fetal extraction) with a sensitivity of 84% and a false-positive rate of 9.3% (30). Bultez et al. (28) performed a prospective study including 235 women and concluded that ITU has a predictive capacity to identify cases that will lead to a failed attempt of vacuum vaginal delivery. They proposed an optimal AoP cut-off value for the prediction of failure in vacuum extraction at 145°(sensitivity 86.2%, specificity 49%). In a recent prospective study (32) including 222 nulliparous women with prolonged second stage of labor, both the AoP and the head-perineum distance proved to have the potential to predict labor outcome. In nulliparous women with prolonged second stage of labor, a head-perineum distance of >35 mm was associated with a 22% risk of an emergency cesarean section.
In accordance with previous studies, we showed that the presence of an AoP of 153.5°has an adequate power 
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